HIV infection may increase risk of postpartum infection and infection-related mortality. We hypothesized that postpartum infection incidence and attributable mortality in Mbarara, Uganda would be higher in HIV-infected than HIV-uninfected women. We performed a prospective cohort study of 4231 women presenting to a regional referral hospital in 2015 for delivery or postpartum care. All febrile or hypothermic women, and a subset of randomly selected normothermic women were followed during hospitalization and with 6-week postpartum phone interviews. The primary outcome was in-hospital postpartum infection. Secondary outcomes included in-hospital complications (mortality, re-operation, intensive care unit transfer, need for imaging or blood transfusion) and 6-week mortality. We performed multivariable regression analyses to estimate adjusted differences in each outcome by HIV serostatus. Mean age was 25.2 years and 481 participants (11%) were HIV-infected. Median CD4+ count was 487 (IQR 325, 696) cells/mm 3 , and 90% of HIV-infected women (193/215 selected for in-depth survey) were on antiretroviral therapy. Overall, 5% (205/4231) of women developed fever or hypothermia. Cumulative in-hospital postpartum infection incidence was 2.0% and did not differ by HIV status (aOR 1.4, 95% CI 0.6-3.3, P = 0.49). However, more HIV-infected women developed postpartum complications (4.4% vs. 1.2%, P = 0.001). In-hospital mortality was rare (2/1768, 0.1%), and remained so at 6 weeks (4/1526, 0.3%), without differences by HIV serostatus (P = 1.0 and 0.31, respectively). For women in rural Uganda with high rates of antiretroviral therapy coverage, HIV infection did not predict postpartum infection or mortality, but was associated with increased risk of postpartum complications.
Introduction
In the pre-antiretroviral therapy (ART) era (ART), HIV increased morbidity and mortality among pregnant and postpartum women. (Maiques-Montesinos, Cervera-Sanchez, Bellver-Pradas, Abad-Carrascosa, & Serra-Serra, 1999; McIntyre, 2003; Moodley & Moodley, 2005; Zvandasara et al., 2006) HIV-associated adverse maternal outcomes disproportionately affected sub-Saharan Africa, where maternal mortality is high and where 90% of HIV-infected women live. (McIntyre, 2003; WHO, 2004) Though prospective data on risk and severity of HIV-associated peripartum complications in sub-Saharan Africa has been lacking, preand early-ART era studies performed elsewhere demonstrated that HIV increased maternal morbidity and mortality. (Calvert & Ronsmans, 2013; McIntyre, 2003) A large study in North America found HIVinfected women had twice the risk of postpartum endometritis and postpartum blood transfusion, five times the risk of maternal sepsis, and eight times the risk of maternal death, compared to HIV-uninfected women. (Louis et al., 2007) HIV-associated maternal mortality has largely been attributed to non-obstetric causes, including infections. (Black, Brooke, & Chersich, 2009; Fawcus, van Coeverden de Groot, & Isaacs, 2005; Garenne, McCaa, & Nacro, 2008; Khan, Pillay, Moodley, & Connolly, 2001; Nduati et al., 2001; Ronsmans & Graham, 2006; Zvandasara et al., 2006) Untreated HIV increases risk (Semprini et al., 1995) and severity (Kesson & Sorrell, 1993; van den Akker, de Vroome, Mwagomba, Ford, & van Roosmalen, 2011) of pregnancy-related infections, especially endometritis. (Calvert & Ronsmans, 2013; Louis et al., 2007; Semprini et al., 1995) .
Since the advent of ART, improvements in HIV-related morbidity and mortality have been documented worldwide.
("Global Burden of disease Study 2013 Study ," 2015 Reniers et al., 2014) A multisite North American study demonstrated a decline in postpartum morbidity incidence in HIV-infected women from 17% in 1990 to 11% in 1998, a finding supported by other studies. (Kourtis et al., 2014; Read et al., 2001; Reshi & Lone, 2010) However, few large-scale prospective studies of HIV-associated maternal morbidity and mortality have been reported from sub-Saharan Africa, and even fewer since the dramatic ART scale-up over the last decade. (Calvert & Ronsmans, 2013; WHO, 2017) Some recent studies in sub-Saharan Africa have demonstrated persistence of excess morbidity and mortality in peripartum HIV-infected women. (Matthews et al., 2013; Ngonzi et al., 2016) One study of maternal mortality in Mbarara, Uganda found puerperal sepsis was the most common cause of death (31% of deaths), and that 35% of women who died of puerperal sepsis were HIV-infected, compared to 16% HIV infection prevalence in women dying of other causes. (Ngonzi et al., 2016) Understanding whether HIV remains a significant risk factor for pregnancy-related infections, maternal morbidity and mortality in the era of widespread ART has important public health implications for management of pregnant and postpartum HIV-infected women. Such knowledge could impact choice of ART regimens in pregnancy, monitoring of HIV-infected women during the peripartum period, and decisions about peripartum antibiotic prophylaxis and treatment.
We sought to determine whether HIV remains an independent risk factor for postpartum infection, morbidity and mortality in Mbarara, Uganda, where maternal ART coverage is >90%. (Matthews et al., 2016; UNAIDS, 2016b) To do so, we enrolled a large prospective cohort of pregnant and postpartum women presenting in labor for delivery or within the 42-day postpartum period, screened them for postpartum infection, and performed clinical and microbiological evaluation of febrile and hypothermic women. We hypothesized that postpartum infection incidence and attributable mortality in Mbarara, Uganda would be significantly higher in HIV-infected than HIV-uninfected women.
Materials and methods

Study site
Participants were recruited from Mbarara Regional Referral Hospital (MRRH) in Mbarara, Uganda between March and October, 2015. MRRH is an approximately 300-bed academic hospital affiliated with Mbarara University of Science and Technology (MUST). It is the largest teaching and referral hospital for Western Uganda, with a catchment of nine million people living in a predominantly rural, agrarian setting. In 2011, it was estimated that 69% of Ugandans have ever been tested for HIV, and 47% know their HIV status. (Staveteig, Croft, Kampa, & Head, 2017) Regional HIV prevalence is estimated at 9% among women, 74% receive HIV counseling and testing during routine antenatal care, ("Uganda Ministry of Health," 2012) 57% of treatment-eligible Ugandans access ART, and >95% of pregnant women received effective medications to prevent mother-tochild HIV transmission. (UNAIDS, 2016a, 2016b) The World Health Organization recommends "Option B+" triple drug ART for HIV-infected pregnant and postpartum women, a strategy adopted in Uganda from 2010 onwards, which led to higher CD4 counts and earlier ART initiation for pregnant women in HIV programs at the treatment clinic in Mbarara. (Miller, Muyindike, Matthews, Kanyesigye, & Siedner, 2017) HIV prevalence among HIV-exposed infants tested was 3.5% in 2016.
("Uganda AIDS Commission." 2016) Women are educated on ART use through adherence counseling as recommended by the Ugandan Ministry of Health, ("Uganda AIDS Commission." 2016) and it is standard-of-care to treat all HIV-infected pregnant women with trimethoprim/sulfamethoxazole (TMP/SMX) prophylaxis against opportunistic infections. ("Uganda AIDS Commission." 2016) Average ART adherence among women living with HIV in Mbarara was 92% in pregnancy, 88% postpartum, and HIV viral suppression was achieved at 93% of pregnancy and 89% of postpartum visits. (Matthews et al., 2016) There are over 1000 facilities in Uganda offering ART, including the Mbarara Regional Referral Hospital HIV (ISS) Clinic. ("The HIV and AIDS Uganda Country Progress Report 2014," 2015) ISS offers comprehensive HIV care services, including ART, at no cost to patients. ART funding is provided through the Ugandan Ministry of Health with support from the President's Emergency Plan for AIDS Relief (PEPFAR), the Global Fund, and the Family Treatment Fund. (Geng et al., 2010; UNAIDS, 2016b) According to local standards of care, women hospitalized for delivery and postpartum care undergo daily and as-needed vital signs monitoring. Vaginal deliveries are generally attended by midwives, while cesarean deliveries are conducted by obstetricians and obstetricians-in-training. Current hospital practice is for women delivering by cesarean to receive a single dose of peri-procedural antibiotic prophylaxis (ampicillin or ceftriaxone), usually given within 30 min of skin incision. In addition, after cesarean delivery, women are treated with combination intravenous ceftriaxone and metronidazole for three days, followed by five days of oral cefixime. Antibiotics are not routinely given to women delivering vaginally.
Participant recruitment and clinical data collection
All women presenting to MRRH maternity ward in labor for delivery or for care within 42 days postpartum between March and October 2015 were approached for enrollment, including women hospitalized for antenatal care who subsequently labored. All study participants provided written informed consent. Potential participants were excluded if they did not speak English or Runyankole, if they declined consent, or were incapacitated and next-of-kin declined surrogate consent. Enrolled women were followed by a team of trained research nurses measuring vital signs, including oral temperature, approximately every eight hours after delivery until the participant was discharged.
HIV status determination and CD4 testing
All participants were asked to self-report HIV infection status. Participants self-reporting HIV-negative or untested status were re-tested if their last HIV test was >6 months prior. Those testing positive underwent confirmatory testing according to local guidelines. HIVinfected participants reported the date and result of their last CD4+ T-cell count (CD4 count). If the participant's last CD4 count was >6 months prior, or the result was unavailable, peripheral blood was sent for CD4 testing.
Sample collection and microbiology testing
Participants with fever >38.0°C or hypothermia < 36.0°C were tested for malaria using SD Bioline Malaria Ag Pf/ Pan rapid diagnostic test (Standard Diagnostics, Gyeonggi, Korea), provided a clean-catch urine sample, and had peripheral blood drawn aseptically into Becton Dickinson (BD) BACTEC (Becton, Dickinson and Company, Franklin Lakes, USA) bottles. Two aerobic, two anaerobic and one mycobacterial blood culture were transported to the Epicentre Mbarara Research Centre microbiology laboratory adjacent to MRRH. Microbiology and urinalysis testing was performed as described previously (Bebell et al., 2017) .
Power and sample size
Sample size was calculated as the number of participants needed to detect a doubling of infection risk from 5% to 10% comparing HIV-uninfected to HIVinfected women, calculated at 3500. Risk of infection was based on estimates that 10% of women develop peripartum fever (Smaill & Grivell, 2014) , and 45%-50% of febrile women are diagnosed with a pelvic or obstetric infection. (Gilstrap & Cunningham, 1979; van den Akker et al., 2011) We therefore estimated risk of postpartum infection among HIV-uninfected women to be 5%, similar to published estimates of postpartum sepsis incidence sub-Saharan Africa. (Seale, Mwaniki, Newton, & Berkley, 2009 ) An additional 731 participants were enrolled to achieve enrollment targets for a nested sub-study.
Data collection
Febrile or hypothermic participants and a random selection of normothermic participants underwent additional in-depth data collection including a structured face-to-face interview and chart review at hospital discharge. We randomly selected 1708 normothermic participants as a comparison group to achieve at least a 4:1 ratio of normothermic:febrile/hypothermic participants, maximizing power to detect differences between groups.
Defining outcomes
Febrile and hypothermic participants were evaluated at the time of abnormal temperature using structured physical exam and symptom questionnaire developed by study investigators and administered by trained study nurses. Postpartum endometritis (puerperal sepsis) was defined using the WHO technical working group 1992 definition as infection of the genital tract in which two or more of the following were present: pelvic pain, fever >38.0°C, abnormal vaginal discharge, and delay in the rate of reduction of the size of the uterus <2 cm/ day. (Dolea & Stein, 2003) Urinary tract infection (UTI) was defined by urinalysis positive for leukocyte esterase or nitrite and urine culture growing one or two pathogens of ≥10 5 colony-forming units (CFU) per milliliter (mL) (uncomplicated UTI), (Wilson & Gaido, 2004 ) ≥10 3 CFU/mL in the presence of nausea, vomiting or flank pain (pyelonephritis), (Wilson & Gaido, 2004) or ≥10 3 CFU/mL in a participant with a urinary catheter in place or removed within the previous 48 h (catheter-associated UTI). (Hooton et al., 2010) Bloodstream infection (bacteremia) was defined as the growth of a potential pathogen in one or more blood culture bottles. Diagnosis of superficial cesarean surgical site infection was abstracted from chart review. Our primary study outcome was confirmed postpartum infection, a composite outcome including bloodstream infection, urinary tract infection, or clinical endometritis diagnosed by our research staff using the definitions above. Cesarean surgical site infection was not confirmed by research staff and not included in the composite primary outcome. Secondary outcomes included in-hospital complications, readmission during the postpartum period, and early neonatal death.
Data entry and statistical analysis
Questionnaires and laboratory results were entered into a Research Electronic Data Capture (REDCap) database. (Harris et al., 2009 ) Summary statistics were used to characterize the cohort. Demographic characteristics and outcomes were compared between HIVinfected and HIV-uninfected participants using Chi squared or Fisher's exact analysis for categorical variables and student's t-test or Wilcoxon Rank-Sum for continuous variables. P-values < 0.05 were considered statistically significant. A multivariable logistic regression model was used to identify factors associated with the primary composite postpartum infection outcome. Predictor variables selected for inclusion in the model included published risk factors for postpartum infection: HIV infection, age, parity, employment, distance of residence from hospital, number of vaginal exams in labor, obstructed labor diagnosis, delivery mode, and reported duration of labor. (Bako, Audu, Lawan, & Umar, 2012; Janni et al., 2002; Lapinsky, 2013; Maharaj, 2007a Maharaj, , 2007b van Dillen, Zwart, Schutte, & van Roosmalen, 2010; Wandabwa et al., 2011; Yokoe et al., 2001) Additional variables were included if, on bivariate analysis, they demonstrated a correlation with the outcome with a P-value < 0.1. All variables with P-values < 0.05 in the final model were considered significant independent predictors of the outcome. If participants withdrew their consent, no further sample or data collection was performed, but existing data were included in the final analysis. All analyses were performed using Stata software (Version 12.0, StataCorp, College Station, TX).
Ethics
All enrolled women provided written informed consent prior to data collection. Participants <18 years of age were enrolled as emancipated minors based on pregnancy status. The study was approved by the institutional ethics review boards at MUST (08/10-14), Partners Healthcare (2014P002725/MGH) and the Uganda National Council of Science and Technology (HS/1729).
Results
Enrollment and demographics
Of all eligible women presenting to MRRH for care during the study period, over 99% (4235) were enrolled, and four withdrew before data collection was performed, leaving 4231 participants with data for analysis. Of the normothermic cohort, 1708 women were randomly selected for additional in-depth data collection, and 1567 (92%) had both chart review and interview data. An additional 19 participants had either chart review or interview data, and all 1586 participants with either chart review or interview data were included in the analysis (Figure 1 ). Mean cohort age was 25.2 years (standard deviation (SD) 5.5 years), 667 (38%) were primiparous and 875 (50%) delivered by cesarean. HIVinfected participants were older, more likely to reside in the same district as the hospital, and report malaria prophylaxis or trimethoprim/sulfamethoxazole (TMP/ SMX) receipt during pregnancy than HIV-uninfected women (all P < 0.05, see Table 1 ). HIV-infected women were less likely to be married than HIV-uninfected women, but more likely to be multiparous (P < 0.01, see Table 1 ).
HIV infection, CD4 results and ART
Overall, 481/4231 (11.4%) of participants were HIVinfected, and 92/4231 (1.7%) were missing data on HIV status. Of 481 HIV-infected participants, 480 had one or more temperature measurements, 258 (54%) self-reported CD4 count results, and 83/258 (32%) of these were confirmed by chart review. Another 174/481 (36%) of participants had CD4 testing performed as part of the study. Overall, CD4 count results were available for 442/481 (92%) of HIV-infected participants. Median CD4 count was 487 (interquartile range (IQR) 325, 696) cells/mm 3 and did not differ between normothermic and febrile/hypothermic participants (P = 0.96), though normothermic participants were significantly more likely to be taking TMP/SMX prophylaxis (98 vs. 87%, P = 0.002, see Table 2 ). Of 215/481 (45%) participants randomly selected for in-depth data collection, 193/215 (90%) reported current treatment with combination ART, 11/215 (5%) reported no current ART, and 11/215 (5%) were missing data on this variable. The most commonly reported regimen was combination emtricitabine/tenofovir disoproxil fumarate/ efavirenz (Atripla) in 69/215 (32%), while 104/215 (48%) did not know the name of their ART. Of 215 HIV-infected women, 198 (92%) reported current TMP/SMX prophylaxis against opportunistic infections, 6/215 (3%) were not taking TMP/SMX, and 11 (5%) were missing data on this variable (Table 3) .
Evaluation of fever and hypothermia
At least one temperature measurement was recorded for 4176/4231 (99%) of participants. Fever and hypothermia incidence did not differ by HIV status (P = 0.95). Of 205 (5%) febrile or hypothermic participants, 174 (85%) completed physical exam and symptom questionnaire, blood and urine cultures, and malaria RDT. Seven of 205 (3%) withdrew from the study, and seven (3%) refused sample collection and clinical evaluation but did not withdraw. Another 17 underwent partial microbiological evaluation: 11 (5%) were missing urine culture, one (0.5%) was missing blood culture, three (1%) refused sample collection but underwent clinical examination, and two (1%) refused clinical examination and sample collection but completed the symptom questionnaire (Figure 1) .
In-hospital postpartum infection incidence
Overall, 84/174 (48%) febrile or hypothermic participants who underwent full clinical and microbiological evaluation met criteria for one or more postpartum infections. Incidence of postpartum infection (composite primary outcome) did not differ by HIV status (2.0 vs. 2.5%, P = 0.43, Figure 2 ). Postpartum endometritis was the most common source, identified in 76/193 (39%) who underwent clinical evaluation. The overall incidence of endometritis was 1.8%, and did not differ by HIV status (1.7 vs. 2.7%, P = 0.13). Of 76 women with clinical endometritis, 61 (82%) underwent cesarean delivery. Twentysix of 175 (15%) participants with urinalysis and urine culture results met criteria for UTI. Bloodstream infection was diagnosed in 5/185 (3%) participants with blood cultures. Another 5/186 (3%) were malaria RDT-positive. The remaining 90/174 (52%) participants did not have a documented source of fever after our evaluation. Using multivariable logistic regression analysis, HIV infection was not independently associated with the composite outcome in-hospital postpartum infection (adjusted odds ratio (aOR) 1.4, 95% CI 0.6-3.3, P = 0.49, see Table 4 ).
Secondary maternal and neonatal outcomes
Chart diagnosis of obstructed labor, premature rupture of membranes and chorioamnionitis did not differ by HIV infection status (see Table 4 ), and neonatal outcomes were similar. HIV-infected women were 69 (4.7) 5 (2.5) 1-minute Apgar score (mean (SD a )) 8.3 (2) 8.3 (2) 0.72 5-minute Apgar score (mean (SD)) 9.5 (2) 9.5 (2) 0.94 5-minute Apgar score (<7) 20 (1.4) 1 (0.5) 0.50 HIV infection 1.0 (0.5-2.1) 0.91 1.4 (0.6-3.3) 0.49 a OR: odds ratio; b aOR: adjusted odds ratio; c CI: confidence interval; d MRRH:
Maternal readmission and complications
Mbarara Regional Referral Hospital; *Tests of association between cohort characteristics and the presence or absence of postpartum infection were performed using univariable and multivariable logistic regression analysis. significantly more likely to than HIV-uninfected women to be readmitted to MRRH within the 6-week postpartum period (1.7 vs. 0.6%, P = 0.01, see Table 4 and Figure 2 ), and to suffer one or more in-hospital complications (4.4 vs. 1.2%, P = 0.001) including blood transfusion (1.5 vs. 0.2%, P = 0.03).
Discussion
We found in-hospital postpartum infection incidence was low (2.0%), and HIV infection was not associated with increased risk of postpartum infection (aOR 1.4, 95% CI 0.6-3.3, P = 0.49) in a cohort of Ugandan women hospitalized for delivery or postpartum care. Notably, 96% of HIV-infected women in this study were on ART at the time of delivery and the median CD4 count (487 cells/mm 3 ) reflected relatively intact immune function. Our findings contrast with studies from the era before ART was in common use, which described increased risk of maternal mortality and postpartum infection in HIV-infected women. (Black et al., 2009; Calvert & Ronsmans, 2013; Fawcus et al., 2005; Garenne et al., 2008; Khan et al., 2001; Louis et al., 2007; Maiques-Montesinos et al., 1999; McIntyre, 2003; Moodley & Moodley, 2005; Nduati et al., 2001; Ronsmans & Graham, 2006; Semprini et al., 1995; van den Akker et al., 2011; Zvandasara et al., 2006) Indeed, a 2013 systematic review and meta-analysis investigating HIV and risk of direct obstetric complications, in which 42% of included studies were conducted in areas where ART was available, reported HIV-infected women had three times the odds of postpartum infection than HIV-uninfected women. (Calvert & Ronsmans, 2013) Studies included from sub-Saharan Africa found modest increases in obstetric and non-obstetric infections among HIV-infected women, (Ikpim, Edet, Bassey, Asuquo, & Inyang, 2016; Semprini et al., 1995; van den Akker et al., 2011; Zvandasara, Saungweme, Mlambo, & Moyo, 2007) though one study reported low ART coverage of HIV-infected women (24%) with 45% of documented CD4 counts <250 cells/mm 3 . (van den Akker et al., 2011) . Multivariable regression findings in another study revealed that only HIV-infected women with CD4 counts <200 cells/mm 3 were at increased risk of infectious complications (Semprini et al., 1995) . Similar to our results, a South African study found no association between HIV status and incident postpartum infection in crude or multivariable models (relative risk 1.14, 95% CI 0.85-1.53, P = 0.39), which the authors attribute to CD4 counts >350 cells/mm 3 in most participants (Sebitloane, Moodley, & Esterhuizen, 2011) . Our findings of no increased risk of fever, infection, inhospital or 6-week mortality among HIV-infected women may reflect improved outcomes associated with widespread ART and TMP/SMX use in our study population. Although we did not measure HIV viral load in our cohort, prior research in Mbarara, Uganda demonstrated high ART adherence and suppressed HIV viral loads during pregnancy and the postpartum period. (Matthews et al., 2016) In our cohort, median CD4 count was >500 cells/ mm 3 , suggesting a relatively healthy population of HIVinfected women. Moreover, febrile/hypothermic HIVinfected women were less likely to report current TMP/ SMX prophylaxis or ART, suggesting additional benefit for its use even among individuals with high CD4 counts in the region. (Bwakura-Dangarembizi et al., 2014; Campbell et al., 2012) Our findings are generalizable to other settings in sub-Saharan Africa with high ART coverage and routine use of TMP/SMX prophylaxis.
While we found no association between HIV infection and risk of postpartum infection, fever, or hypothermia; significantly more HIV-infected than HIV-uninfected women (4.4% vs. 1.2%, P = 0.001) developed an in-hospital postpartum complication, including uterine rupture, re-operation, and/or blood transfusion. HIV infection has been associated with increased risk of postpartum transfusion in other studies, including an 8-year Canadian nationwide inpatient database analysis reporting increased odds of blood transfusion (OR 3.11, 95% CI 2.53-3.83) in HIV-infected women. (Arab, Czuzoj-Shulman, Spence, & Abenhaim, 2016) A South African study reported similar findings, postulating that increased transfusion risk resulted from unaddressed antenatal anemia, more common in HIV-infected patients. (Bloch et al., 2015) Despite these reports, a 2013 systematic review concluded that evidence of difference in risk of non-infectious obstetric complications between HIVinfected and -uninfected women was weak and inconsistent (Calvert & Ronsmans, 2013) .
Lastly, we found HIV infection was associated with increased risk of readmission to the same hospital within the postpartum period. A Canadian cohort study also reported higher 30-day risk of readmission risk in HIV-infected than -uninfected women (2.8 vs. 1.1%), though the difference was attenuated after multivariable adjustment for sociodemographic factors. (Macdonald et al., 2015) The association we found between HIV infection and readmission risk could be due to greater post-discharge morbidity in this population, unaccounted-for sociodemographic factors, more care-seeking behavior among HIV-infected women, or a greater likelihood of returning to the same hospital due to proximity, since a greater proportion of HIV-infected women resided in the same district as the hospital.
There are several strengths to our study, including its prospective design, large size, near-complete enrollment of eligible women, and in-depth evaluation of febrile and hypothermic participants. Understanding infection risk among HIV-infected and -uninfected women delivering at sub-Saharan African hospitals is of increasing importance as women are encouraged to deliver their babies at health facilities. The United Nations reported that >71% of births in 2014 were attended by skilled healthcare personnel, (U.N., 2014) and the Ugandan Ministry of Health reported that between 2011 and 2016, 70% of rural-dwelling women and 88% of urban-dwellers delivered their last live birth at a health facility ("Uganda Bureau of Statistics," 2017).
In our study, overall in-hospital infection incidence (2.0%) was lower than predicted, limiting our ability to determine outcome differences between HIV-infected anduninfected women. Low postpartum infection incidence may be due in part to the routine practice of administering antibiotics to women delivering by cesarean. Multiple studies have examined the impact of antibiotic prophylaxis during pregnancy, (Aboud et al., 2009 ) delivery, (Sebitloane, Moodley, & Esterhuizen, 2008) or postpartum (Pinto-Lopes, Sousa-Pinto, & Azevedo, 2017) on postpartum infection incidence, with mixed results. (Aboud et al., 2009; Sebitloane et al., 2008) The proportion of women delivering by cesarean was high, accounting for 50% of all deliveries in this study. This figure may be an overestimate of the true cesarean delivery rate due to early discharge and nonenrollment of some women delivering vaginally. In addition, the study was carried out at a regional referral hospital, and referral of women with complicated labor may partly explain the high proportion of cesarean deliveries compared to the national proportion, estimated at 5% (Cavallaro et al., 2013) . Cesarean delivery mode is the single greatest risk factor for postpartum infection, (Smaill & Grivell, 2014) and 82% of the women developing postpartum endometritis in our study delivered by cesarean. The high proportion of cesarean deliveries and postpartum antibiotic use in our study should be taken into account when considering our results, and our results, which may not be generalizable to settings with low antibiotic use or low prevalence of cesarean deliveries. Other limitations of our study include lack of clinical evaluation for other causes of postpartum fever, including cesarean section surgical site infections. Though wound infection diagnoses were abstracted from charts, documentation was incomplete and we were unable to confirm them clinically. Due to resource constraints, we were also unable to perform clinical or microbiological testing of normothermic participants. However, most clinically significant in-hospital postpartum infections should manifest with fever or hypothermia, leaving few infections undiagnosed in normothermic women.
In conclusion, for women in rural Uganda with high rates of ART coverage, HIV infection did not predict postpartum infection or mortality, but was associated with increased risk of postpartum complications.
Geolocation information
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